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[SERS] ^ 

[^£Ifl] «SSISB 

[^5^5] 0003 

[JllSSilU 2002.11.25 

Rl^SI^WJ G02B 

[SJ92I 9£J] HFSStt QS»/2iaS2K?l 

[araai asasj wavelength oi vision multiplexer / demultiplexer 

[«3&1] 

[93] ^^SXh^^sl Ah 

3E] 1-1998-104271-3 

[CHEI2!] 

[£9] 012^ 

[ CH El £J 3 E ] 9-1 998-000339-8 

& H S] 1999-006038-0 

[&9XH 

[£92l ^H^ll 

[£921 9SH2I) KIM, Young Hoon 

[^ajg^SiS] 741206-1001311 

133-758 

i^±] k\mmmh\ &m=? ^on§ 101-508 

[^2j] KR 
[&9XH 

[£92l ^SH^I] S^IEH 

[£92l S^H^I] JUNG, Sun Tae 

[^aim^SS] 650701-1067523 

[?@^S] 431-080 

i^±) S3>IE £J§MI sJie 1115 ^DIS gJSfA 303-601 

RS|] KR 
[U9ft] 

[£921 ^SHJIl S§3 

[£921 SSS^I] HAN, Dong Kyoon 
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S3 SXh 2003/1/18 



680318-1068216 
[o^bj^j 463-753 

616S 1302 3 
KR 

[fill] ^SIS J1I42£2I ^§011 °l§> Si!, 160£°l ^§ 

(HI 213 MS^JAI- fi S^ffUD. £H£I2! 
012^ (21) 

i;igi§!S] 20 e 29,000 a 

Pl£lfi§!g] 6 a 6,000 £! 

0 a 0 SI 

. temS^PS] 13 m 525,000 SJ 
[iMI] 560,000 £! 
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[-8-41 

AA^. f^Jit «a^^l?]7l $n 34^4€ ^Hi 

£4^, #4JJl4 ^l^^W 34 n #7^>fe *)li 4*. £45-4; #7l 
*U 4 w ssfsi- ^§-4tt ^1*5 44 34 zz. s.o] #^75}^ »12 

n^Rr sH9-«-« 4^4/^ 4^471* 7flAit>4. #44 tM34 4#€ 
4^4/^4^44^ zl #o] ^ ^7>«Hr £45. 

o] 4#4^, ZL ^ #^4^- A 0 M14^ A}o]j= £ a 

(sidelobe)7> #4i*H #^H, 4#£^ 4^4 #43 ^ 

# f- ##414 3-r4l4ir %4!3l4 4^4534. 

5. 2 

4#£^ 4^4/^ 4^4, Hsfa, 4°1h s« , 7_Mj 
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4#^/ < 34f 1 s|-7l {WAVELENGTH DIVISION MULTIPLEXER / DEMULTIPLEXER} 

[5^4 

£ i£ *H 4€- 4*^/^4^71^ £4s.» ^ 

*}7) W 

£ 2fe Bf^ft *H ^ofl rcj-s. sHJvg-i: 4^a^/^ 4^71^1 51 

£ 34- £ 2<*ll 5i*m ^ £4s.7> 31^*), 4#£* 4^373 4f^7l 
1- 44^ 

^711- 44^ 4*151, 

£ 5^ s. H 51*13 4#«^- 4^/q 45*M £45.2] ^jh§* 

5. 64 51 H 4#£^ 4^/^4^21-7] <93 £4^.^ ^ 

5. 74 £ 2011 51 a] ^ sKHMt 4^/ ^4^7] 33 £4^4 M*MI* 44* 
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£ 8£ H 14 £ 241 44 £44 44£t 4^4/^ 4^471 <B3 £43-4 # 



[1^4 ^41 

<9> ^^8: 44£4 4^4(WDM; wavelength division multiplex) 443 

41 ^l-g^fe dt*H 44 3^4, 4^1 44:M 4^4/^ 4^4 7]^g- 

4fe 44£t 4^4/^4^47141 3W4. 

<io> j§.#^ o.s 4-§-^ 4^44 3*11 €4 4-§-4^ 44^4 4#4 443 

4f-444l4^r $ 71-43 ^-B-l- M 4*1^ ^44 44^-1- ^441 4^44. 
443 44i*ir 4^447144, 4^44 ^J:* <r4*M 444 44 4:^. 4 
^7l 4^4^ ^44414 °1» 443 44^ 4fe 44:i:s ^4^4* 4*144. 4 
s.^ 4^41- 7l«]-o.s 4^ 44 4^4 f-4 443 -i-44414 4^^ 44^:1- 
^4^4471^ 44£4 4^4/^4^47141^ ^ 4:e4^- £4(PLC;planar 
lightwave circuit) 7l4-°5. Sj-fe £4S < I 3 4(AWG: Arrayed Waveguide 

Grating)7l- oj-g-^ ^ ^4. ^ 4^4^ ^4^r ^3^(si licon)°14 l^(quartz) 
71441 <^ #5] ^e)7}(silica) £tt #5H(polymer) 44^ f^H ^444. 

<u> 4^4 444 4^44414 44s:3 ^4^4* 44441 

4^44 44:H3 <S3 £4^ ^4^r #4J:3 £ -ill 1^44 44. 
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<i2> £ i£ #2fl^] ^ai c^iofl 4= 4^4/<34^47l5l ^ 

*>7] £^<>14. £ 3°fl £a^ 44 £°1, f^s] ^Al oflofl ttj-s 3|.#H-§ 

4^4/^4^4715] <33 £45(313)ir 4#4£ 4#£t 4^4/^ 4^4 

7i <q 371-5. sj^ifc- m. 4#£t A^/mtmA 4 

^7]S. **|;*Rr ^-f , #71 ^ £45(313)tt 4^4£ #3*1^ ^4. 

<13> #71 <^ £45(313)^ ^ol^O.^. tt}-Sl- ZL ^-(WiH ^4 ^7]-^ 

44#^ ^(parabolic horn) l!#£SAl ( f>} 7 ] <^44 1>^1 ^efl n ^(W^ ^4^ 
°1 ^sM, ^1 4€- #7l £45.(313)5] ^#°1 t}7] <^r^ 2>i 5]*)1 -g^ 
34. 

u 2 dz - y 3 W n 

[^44 2] 3 

<16> <^7H, #71 £45(313)5] ^^^S^-E-l ^Jro} ^^O.^ ^ 

4^1, flfi^r Z^H #71 £45(313)5] 4, W ir 8r #7l o g ^ £45(313)5] 

^^EHH £45.(313)51 3-, ^ #71 #4]Jl4 ^-J[4#(effective 

wavelength), r ^ #7l %*±3L<*\) t]]tr £H4 Jl4 £E 7j5] ^^HHcoupl ing 
coefficient)* ^H^cJ-. 

<i7> 4^43 #4] £7} #7l 441-3 £ ^#5] $3 £45.(313)1- £^4^1 

S£o(H 24 ££ £^ 24 £H o^j-o] j^]. Tl^^S)^ ^^^°1 4^34. 

£th 7^} 2.H^l^i Jl4 £JE^ tfl^^ol 5*-#^4 
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€H ^-il- 7^711 £4. 44 <4^4 3>£r 4^4€ ^J17> #71 $ 
3 £45.(313)* *!«83N 44 l^r4, S-Hofl^i i*} ££1 71#^4tt # 

4^l(Pj)4 ^i«4 ^r^l* 44^ «4°U, £ 5^r 4^4€ ^Ji7> # 

7) £45# ^-Sfl ^W^l 44 44 J7^> ££S 7^4^ 

43(Pj) Z15fl^o]4. 

<18> Pj _ V _ (30/4,) 2 

[^^.Al 3] V+l (3a/4 n ) 2 +l 

<19> <^7H, Pj^ J7.4 S.E.3. 7} #^3^- 3ttI3:4 4$J, P Q fe #7] <8 

3 2^ ^4^ 4^-11- 4*1^4. # 7 1 <^44 3>4 £ 5*11 £4 

4 ZLSfliofl Sl*>^, 44 S.i=<*IH Jl*} £ES T^^fe" #4lJl4 43(Pj)^r ^\ 

£45. ^sm-M ^(Wji)4 ±$ ^*HH W £4551 4(WiH 44 4 
5.711 44^ ^ 544. 
<2o> ziei4, 441-3 * *§#4 0 J3 £45^14^ ^jr^ tfl^oi 

oi] 44 SIS *H>i4 **>:M *BJ3°1 ^Uf^i 444^ ^l^oi o iC |. > ^o.oi ( 
7-14 2£<>1H -24 2-^5 t^ll7} Tl-t^ofl 44 4°]£ 5tL(side lobe)?} *HJ*> 

Til 4^31, 4°1— 5tii ^ o)% ^x\^ 444?1 

^4 -8-Si o.s 4-§-4t11 44. 

[^rgol o)^JL*} 4^ 7l#^ 4^11 
<21> ^ 7 )2). go- n%t>}7] 44<^ ( £ ^4 7-14 H^oflA-1 £ 
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43 *H #4* ^ Sflte- ^ 

<22> #44 ^ ^^-ir ^S*M , £ ^£ Mil H T 1 ^ 

#3. ^4^W7l 4^ 344, -8-71 34^ $34471 3R> $^4^4, 

«■ Wf^H $H4, #4 $3^4^, 

<23> 3H0;M 44 34 ^ #7}4tt X) l A^ti £4^4; 

<24> #7l XI 1 4*1 HStj-Sl- ^Jl4 ^l^^^ 44 ^4 ZL ^O] #^4^- 

XI 2 5=43.* 74*Rr 44£t 4^4/^j4M-4-& 7fl4tt4. 
<25> s^, iJ-^-B- 4^4 #£43.1-3. ^€ £43 1 444, #4 £43 <1 3 

45. 4^4 f^lt $3*17171 4tF $3 £434, #4 £431 3*H ^ 

4^44 4 4^4 #413:** #344 4t> #3 £43#* £3 4# #<>il t§#^ 

^ #JE43 dL4°)l &44, #7l $3£43^-, 
<26> ^-ajj:^ ^l^tij-^ 44 34 =l #oi ^7>4^ XI l £434; 
<2?> #7] xi l £43» f-4^ #413:4 4*3#1ha- 44 34 =l ^o) #^4^- 

X12 4*- £431- ^14^ 44£t 4#4/'34M-4t- 7lM$4. 

[ H ^4 ^ £ 

<28> oi4 £ 1^4 4^4tb i# ^4 ££-§- #<H14 4£ 

4 ^4. £ ^#41 SH4, 4^4 ^44^ ^ ^#41 44 



\ 
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o] £ ^o) ^-8.*M1 S.1 ^ &4^ 4#4tt 3^ ^ A cHR> ^3= 

*4. 

< 29 > £2r^ ^4 4OTtr ^4 4€- 4#£f- 4^4/^4^4714 <gsj £ 
43.(413)» ^^*>7l 4* 5L#°14. £ 2«fl JE^1€ 44 £ ^4 4^4* ^ 

*1 *H 4€- 4^4/44^4714 £4^(413)^ ^413:4 

44 zl ^-(Wi)ol ^4 ^7>4fe 441^ £ ^#4 XI 1 A^ti £43.(413a)4, #4 XI 
1 4* S43(413a)4 g#44 %*\JL9] &q 42} n ^(W 2 )°l 3 

4 4^4fe H#4 XI 2 4^ £45. (413b) 3. ^44. 

<30> #4 XI 1 *\3L £4S.(413a)^ ^ol^o.s *H91H 44 =L #(WiH 34 ^7> 
4tt 441-^ ^(parabolic horn) *|#a.S.4, 44 <^4^1 4><H1 4*11 CL *§#o] ^ 

44. 



<31> 



PT 1 =(2a Vl+ ^ 1 ) l/2 ,a=-^I 

r^44 4i 3 



<32> <^7l^, Zr 8r ^"71 XI l 4-2- £43.4 ^3 #£-3.43 #4l:£4 4*3 4^3. ^ 
714, Wi^r Zi«Hl^ -8-71 XI 1 4^ H4^(413a)4 4. W ir 8r -8-71 XI 1 4* £4^ 

4 <g^ia414 A oM XI l 4^ £4^(4i3a)4 A g ^ $7) #413:4 -n-W, r-b 
#4 #41 3^1 cfltr 44 s.^4 ai4 2.2= 44 l^^r* 44*4. 
<33> ^ 7 }^ *g#4 XI l 4^ £4^.(4i3a)^ 4^44 #43L7> 44 441-3 £ 
$#4 £43* 4*S4#4 7-14 5.Hi4 24 s.= °144 ^4 SHS 4#^4°i tfl 
^^o) 4*1-44. se* ( ^Ji7> 44 ££oflX n4 £Hi 4#^4#4 #4J:^ tfl 
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<34> $7) ^2 £2)-S.(413b)fe ^^O.^. ^^6\) ItfB} ZL ^^ 2 )°) 34 #± 

4. 



<35> 



1^4*1 5] 3 



PT 2 =y[l-exp(— )]+fT, 2 ,a=--^ 



<37> g 



1^71 * ■< - 3 

<38> ^-71 <^4*1 5> ifl*l <^4^1 7>«H, W 2 fe z 2 6 fl^i ^71 *fl2 ^ti. £3}-^ (413b) 3 

^, A g ^ #7) z 2 ^r 4l *\2L IE4^(413a)3 #^-SJfBl 

3 7^, W i2 ^ *IU *\» £4^(413a)^1 ^1^1 ^12 £ 
4^(413b)3 ^, -*7l #4lJi<H] tfl# a]*} £HSf J7^f s.H #3 ^tHK 1 !- 4 

4 3*13:4. 

<39> <^4) 5>ofl n}a^ $7) *1]2 £45.(413b)^ #^1Jl ^ U-^J&S 

=i ^(w 2 H 34 #£4fc 441-3 £ ^<>14. ^-71 <^4*1 6>i 4^3, #4 7ii2 

i4^-(413b)^ y cHK^ *1 ^(exponential) f-^r ^^§- 44 ^ 

(W 2 )°l 34 4^4^ *Hs| ^1 ^4H4. 5t, #7] <^4*1 6>i 4^3, #7] *fl2 

tf* £3|-^(413b)^ ^*}SL3. #m linear) 3°-^ h #(W 2 H 34 4£ 
4tt Bfl^l^ *| ^°14. 



1020020073406 #3 2003/1/18 

<40> #71 XI 1 4* £4^-(413a)^ 44s 4*3 4^5. =l #(WiH f^fe 

^#6.^*1, 4^44 Ml7f S-HoflAi i*} ^«S|34 tfl<* 

4444. °H, 4f^^ ^JIS] Cfl^4^r 4^344, ^4 5] 

*fl ^H^Kr 4°]^ 4^ *H)i4 t^llif 4^*H A)JL ^1^1 ?1 XI £) 

?H4. 

<4i> ^-71 Tfll A] wl £.45.(413a)# 4*34 44Stt 47] X|2 A-ft?. £4^(413bHl $ 
344. 

<42> # 7 V 42 ^ti. £sf^.(4l3b)^ 44J: 4*3 44^ 44 ^ ^(W 2 H 34 4^4 
^4^, &4 o}^V w>4 go] # 7 | X)2 *\3L £4^-(413b)^ #7) <^4 

^ 5> ifl4 <^44 7>«^i $\n 34? ^ sa4. 

<43> #7] X)l A^ti. £43.(413aW4fe- ^S17> JLxf ££S 

tt31, ^-71 XI 1 4^- £45.(413a)^ ^(fi)ol f{!i 4*S 41h8: 44 ^4 
47] afl-^14. 44°fl ( 47l XI2 43i H4^(4l3b)fe 44J- 4*3 44 n # 

(W 2 )°l 34 4^4^ *J4°lS-5., #71 XI 2 4^. H4s.(4i3b)# 4*34tt 44:^ -s 

— ^ti.^ 4^44 €4. 
<44> o)nfl, Aj-7] xi l XI 2 4^ £4^(413a, 4l3b)f- 4<8*H 44^-4 4^4/^4 
f^7l4 34^- <^£)^ 44:M tfl^^ #71 X|2 4«- £4^.(413b) 4^3 

^(W ra in2)°fl 3*H 4*<m4. 444, 471 X]2 4* £4^(4i3b)^l W ^(W min2 )^- 
^A%£l?l*] 44^-4 4#4/^4^47ls. 4^44 44:M tfl^£ ^ 
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4?11 3fe 3M4. 

<45> £3^£ 24| £^13 £457} 3-8-3 4l5#), 4#£f- 4^4/^4#47l 
1 44^ 44£°14. £ 341 £*13 44 $7} 4^4/^4^471 

(100)fe- >g4^ £^ 714(101) #41 £451 34(111)1 ^4^, H °i 

4l^r $3 £4^.(413)7} g^sU, 4 ^4|^ 4*r4 #3 £45.(115)7} ^34. 

-$7] £45(413)4 £45<1 34(111)^1 4°1 ^ #7l #3 £45(115) 
4 £45<i 34(m) 4°Hfe 44 ^ £4^.(117, 119)7} ^134. 

<46> w§ 4^4/^4^471(100)^ 4W£ #7l £4^ 

(113)1- ^-*H ^^4^ ^-71 #3 £45(115)1- ^-«fl #33^ ^4^41 ^44 
711 34. ^, 4^43 ^^7} ^-71 ^ £45(413)1- ^ ^33 #41 

Ji^ ^7l £45^ 34U1D4I ^1*11 44^1 <34^4sH $7] £45 

(115)« 44 #33^ ?H4. 

<4?> t}€, #7] 4#£f- 4^4/^4^471(100)^ 44 4#°1 4* 4^ ^IJil- 
ol # 7 ) ^aj £45(115)1-^- f-*fl <g34°l #4 £45(413)1- f-sfl #34^ 

4^4* ^44t11 34. ^, 4°^ *n^3 ^Ji#o] 44 # 7 ] #3 £45(ii5) 
#1- **fl $34-2, $33 444 f A Jlt^ £451 ^4(111)41 £\n 4^1 
5] 4#44<H #4 $3 £45(413)1- #334. 

< 48 > £ 4^ £ 241 £^13 $3 £457} ^-g-3 4€- 41 5#), 4^^" 

4^4/^4^4711 44^ 4^l£ c >14. £ 441 £^13 44 2*1, $7] 44 
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^^}JL, $7} £45.1 44(211)3 <& 44 4^r4 #£43l-(213a, 215a) 

°1 £^4. #7] #£43l-(213a, 215a)4 £43.1 34(211)3 ^Hife # 

^ £43(217, 219)71- ^1^4. #4 %£43t-(213a, 215a)£ 4^4^ ^&7> ^ 
*8*>£- 4^ £43(413)4, *fl^ %ti5L7} 4*3*Rr £431-# £^4. 

< 49 > *]A<q ^. 7 ] 4^ ^45.(413)5. ^33^ 4#4^ #4l:£T7-#7l £43 ^ 3 
4(2iiH $n 4 *im3 t A Jits <34^4£U, ^4^4€ #7i ^±1-^ 4# 
3 #7] #£43t-(2i5a)# >S-«B 44 #3 €4. £th 4^r3 # 7 1 4^ £45 
(413)5. °^3^ 4^4£ ^Sl-ol ^4^45]^ Aj-7) <^o} ^-7] ^-£451- 

(213a)^- *H 44 #3^4. 
<so> *v^, ^-4 <#*^ 44^-1- 4^4/^4^471(200)^- *H\I3 ^il^o) ^ 

7) <i^3 ^£43#(213a)# -f-^11 44 ^7) £43<t 34(21lH 3*fl 4 

>4432, 4^r3 ^7l 4*im £43(413)1- -f-sfl #^€4. £t.K ^-4 4^3 ^£4 
3-i(215a)-§: ^«fl 44 0 ^3Tr 3:^ *im3 ^it^- #7l £43 <1 34(21lH 
3*11 4^43:2, ^#3 ^7) 4^ £43(413)1- %n #3€4. 

<si> ^, ^7] <y=^ 44^% v 4^4/^4^44(200)^ ^ *im3 ^Isl <^ 

^ 4^r3 ^-£431-(213a > 215a)4 3<H£ 44 °l A o v 3 4^ £4 
3(413)7} Df^o), #7] £45<1 34(211)3 <#l=H <££4<^ ^1^3*|, 

^!J:3 4^4 ^ ^4^47> 7^*1 3M4. 

<52> #44 ^-o. og^ £45(413)^ 44^-1- 4^4/^4^4^1 ^ 

^-£43 ^4 444, a J-4^ £)*i34 f-°fl£ 4^t^r 41344. 
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<53> o)*}, £ 6 vfl4 5L 8^ , <33 £45.(313)4 £ ^ofl 4€- °J 

% £45(413)1 £451 345 44 ^34^, "34^4^ ^ #33^ ^J: 

<54> £ 6£ ^Bfl^] 4*3 44 ^ #o] ^7}t}^ 4413 £ 

si $3 £4^.(313)1- f-tfl £451 345 ^4^4^ 

2] ^E^-g. £ 6<^1 ti}<2}- ^o| ( 1544. 5//m 4#4 4#°- 

5 4fe ^^7} ^Eflo] £43.(313)1- ^Sfl SsMiLl 345 3^, tfl4 

1543^1 4# cfl^4, 1546/zml 4# 4°1^ 5.y.7j- W8$± $ 

# 4°Jf: ^ &4. °14 S£o|) a}o)el £ am ^ a £ 

4S(413a')4M£ 44\i4. 
<55> ^71 4l 4^- IE45.(413a)l 4^*H £ 6°fl £*1€ 44 ^*UMJ-gr 

^ROJ^ A2 *\2L -£45(413b)l f-*fl JL4 ££<i4 ?)t^Sl^ a>o] 

£ 2fl7M4. #7l <^r4<^ 5>1 45^ ^2 45 £45(413b)l 4*14^ ^4 

si 345 ^4°! ^4^44 * #4l:M i^jE^oi £ yoii £Ai£4. 

£45.(413)1 4^ #4J:M ^5^°)14 a>o]= £ti7} 1i4*] 4^4&-§^l: £ ^ 

$14. 

<56> £ frfr f^4 £.3^5.(313)1- 4*54^ ^45^ 345 <33=)fe #41Jl4, 

^x$6\) 4= oj^ £45(413)1 4*3*H £451 345 ^^Slfe ^£ 
^34^-fir 44 444^: 3£fl£ol4. £ 8 <H1 £Al^ ti}2f ^-o], og^ £43.3] o_ 
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€- £45.(413)1- *H8$ 5.y ?} ^ &4. ^ 

Eflo] og^ £45.(313)1- 4*St> ^S^l til^fl, £ g^oq 4# oj^ £45.(413)1- ^1 

tfl^^o] 45.4^4 A>o]-EL 5ti^ ^T^l 4^4514. ^"4, 

o]^^j- ^fl^ol ^7fl*>^ 4*]cl <^ £45.(413)4 ^^-5^ I24w9l 3*HH4 
4°]^ 5_a±- 5dB 7}%= 4^4 3-2.5. ^484. 4°lH 5J±4 4^ 333-2.5. 

o]^ *im44 4^ 4^4tt 3°-5 444?fi 44. 

1^4 ^^HH 3H44 ^£ 4^14 44 €^<>i 7}^4^ 4*fl £<>H4 
^1-44 4^# 7>4 4«H4 &<>H 4^44 t ?H4. 

[^4 £41 

<58> 44- ^-o], -a ^oj] 4^ 44£t 4^4/^4^471^ 4^44 %4±3L 

4 ^ £457} sHI^U^s. ^3 ^°144 ^-o] 3*} ^^u^j. 3 
4 4^4tt ^is, -l #o] 3*}. ^7}4^ £4s. #45:^ 4^°1 

444°i, zl s-o] 33} #i^Hr £45. 4°fl4^r ^34 44 s 4 4°1h 5*7} 4 
£«H 43 ^4 4^^M: #444 4&4. 444, 4^4 444 f-4 

4 ^ 4^-44 4^4 3^44^ 44Ji4 #4<>1 
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1] 

4«£ ^Jlt 3 ^ *flti« ^4^W7l *m 344, #7l 34^ ^ 

#41 £4 sUB^-g- ttfsf n 40] ^7}*]-^ Tfli s45.fi]-; 
#4 ^fli a^u £4-^.1- ^4^ ^IHM- 44 34 =L ^o) #^i5}^ 

A2 5=4^.* faltt 4#^ 4^4/^4^471. 

WW 2] 

#4 »ll 4* £45.^ 441"3 ^(parabolic horn) f ^]-°5. 4tt 4 

4^4/^4^44. 

MJ^* 3] 

*fll £144, #4 X12 4« £4s.^, 

A oM afli 4*l £451- f-4^ #413:4 44 3)4 zl 

(linear)£5 4i*Kr ^8 £-3. 4fe 4^f" 4^4/^4^47]. 



V 
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MJt 1 * 4] 

4l $444, #4 A2 *\3L £4^, 

44 m 4* £4^1- ^-44 44^ 44 H 34 4 

41-^ £ ^4«a# *H=- 4^4/^4^4-71. 



1^4 5] 

-8-71 41 4^ H45.SI ^4£ 44 <4^44 8>^1 4*H f^^-S. 4-c 

4^^ 4^4/^4^1-71. 

[^44 8] 3 

(Wi= 44 X| i 4«. £4^4 ^, ^ g : 44 44^:4 -fi-M^, z x ; 44 *U 4 
a £4^.4 ^^AS^s] 44 44:M 4*S44°-5- 44, W^: 44 

41 4^- £4^4 $3^4 4, r ■ #4 44^°fl 44 44 £^4 jlz} ££ ?_>4 



[^4 6] 

4i 4<H1 $144, 

44 42 4^- £4^4 ^4£ 44 <^44 9>°fl 4«fl -g^-i- 4fe 
44-£4 4^4/^4^44. 
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W 2 =(W* 2 -2*X^ 2 f\*=-^L 
9] 3 

(W 2 : #71 *fl2 ^a. jesJ-ss] s., ^ g : -a-S^, z 2 ; afll ^a £ 

^-71 ^WD^S ^3^r TjBj, W i2 : #7] ^1 ^a_ £ 



Wf* 7] 

*lll 5^1, 

#7] *fl2 ^a_ ^K8r Z}7] <^n±\ 10>^1 2^ ^SLS, *} 

fT 2 = Y [ 1 - expC^ 1 )]+ ^ 2 »«=~^ 

10] a 3 

(W 2 : ^7] *fl2 ^a. 4, Z 2 ; ^71 *fll ^a £5)-^ #^5.^ ^-71 # 

A}jr<>] ^« 0 HK°^ 7\2\, W i2 : Till ^a. n}-*.^ # 7 ) XI 2 

Ai a. £.s)-5.o) a. i r : Aj-7] ^Ajjroj) tfl^V 7^} J7*> ££ #0] 



[3^8" 8] 

^71 ^12 ^a 5.45. o] igAkg. <^ai n>cH] o]*f| £^105. 

rrl Tlld 7^1 H^^l /fd 7-1 -7l 



} 
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HI 3 

(W 2 : %7\ A}2 *\* 5lJ}3.SS\ ^, z 2 ; *U ^ j± #43.-^3 #7] #A]jr 

3 Sl^D^S. ^3tt 7^, W i2 : ^71 >Hl ^Ji 5=4££| ^ofl/i #7] *1]2 -HJS. 

£4^ y : ^71 #*J:M tfltt *l*r JI*} ££ if^) 



9] 

°^l7l7l 3?r <g^ £4^4, ^-71 3*H 3*fl 34f^€ ^ « 

Mltl- #^*>7l #3 £43.t-i: 7l^ Mtb #£4^. ± 

^7] *fll Aiti. ?1<8W 44 H #±.*}±r 

m ^« *Rr 4#£f- 4^/^ 4^71. 



10] 

%7] XI l A^a £45-^ 441-3 ^(parabolic horn) <8^^r 4 
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WW 111 

*H9 %H] 5a°H, #7] A}2 *\2L £4^, 

#7] *fll f-4*)- ^l^^^- 44 ^ ^4 

(linear)AS ^HJ .2.3. 4fe 4#£«" 4^4/34^44. 

12] 

^9 %H1 £M4, A cM *fl2 ^ti. JES^^r, 

*)U ^ a. %x±sl 44 ^ 4°1 34 7 tMi4fe 4 

41-3 £ iK^l- ^H°-iL «Hr 4#^ 
[^t 1 * 13] 

^]l ^ XI 2 £4SS ^£ ^-71 £43^ #7] J&4^<i 
°<^*H ^l^-i: s-^io.^ ^ 4^t 4^4/^14^47]. 
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[51 3] 

100 



119 




I 
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5] 
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